an open triangle in cross-section (see Figure 4I) 
Mice heterozygous for Spry2 neo-flox were produced as described and were mated to flp transgenic mice (Rodriguez et membrane, leading to the transmission of vibrational energy through the ossicles of the middle ear to the oC of the inner ear. In the oC, this vibrational energy is converted into electrical impulses that are transmitted by the spiral ganglion to the brain. To explore the basis of the hearing defects in the Spry2 null mutants, we examined the middle ear, inner ear, and spiral ganglion. There were no gross defects in the shape of the ossicles (malleus, incus, stapes) or in the articulation of the malleus to incus, incus to stapes, or stapes to the oval window of the inner ear in Spry2 −/− mice ( Figures 3A and 3B , and data not shown). This suggests that their hearing defect is unlikely to be due to a failure in sound pressure conduction.
We next examined the inner ear labyrinth, which begins developing at wE9.5 from an epithelial sac and undergoes a complex morphogenesis to achieve its nearly mature structure by wE15.5 (Morsli et al., 1998). At that stage, it comprises the cochlea and the vestibule, which is required for balance. We found no abnormalities in the gross structure of the inner ear labyrinth of E15.5 Spry2 null mutants by using the paint-filling technique (Martin and Swanson, 1993) to visualize its lumen ( Figures 3C and 3D) . The cochlea appeared to have completed the appropriate number of turns, and the semicircular canals, utricle, and saccule of the vestibule were properly positioned. Consistent with the latter observation, vestibular function appeared unaffected in Spry2 −/− adults as measured by multiple criteria (Bergstrom et al., 1998): (1) absence of hyperactivity, head-tossing, or circling behavior; (2) proper dorsal flexion and extension of forelimbs upon tail hanging; (3) ability to orient when inverted in a conical tube; and (4) ability to swim (data not shown).
In the cochlea, no gross abnormalities were detected by histological analysis at E18.5 and P21 in structures essential for normal hearing, including the stria vascularis, tectorial membrane, and basilar membrane (data not shown). Furthermore, although defects in the stereocilia of the hair cells are often the cause of severe Table S1 ). At P10, pillar cell differentiation is nearly complete: the nuclei of the inner and outer pillar cells have moved apart basally, and the cells have changed shape so that they touch one another only at their extreme apical and basal ends, forming the space that constitutes the tunnel of Corti (see Figure 4I ). When stained with an antibody against tubulin, the apical process of the differentiated pillar cells has a distinctive pattern of staining, showing numerous microtubule bundles (Figure 4C) . Strikingly, at this stage in Spry2 null mutants, we found that in addition to the two normal pillar cells there appeared to be an ectopic, third pillar cell, which like the normal inner and outer pillar cells, extended a heavily tubulin-labeled process from the basilar membrane to the lumenal surface (open arrowhead in Figure  4D ). This third pillar cell was also clearly seen in sections stained for nuclei and S100, a protein that is enriched in pillar cell and Deiters' cell bodies (Pack and Slepecky, 1995) (Figures 4E and 4F; Figure S2 ). The presence of this cell created an aberrant, second tunnel of Corti-like space between it and the normal outer pillar cell. This second tunnel always contained a single OHC that was stranded without a supporting Deiters' cell.
Importantly, in contrast to the patchy increase in OHC/Deiters' cell (OHC/DC) numbers, the third pillar 5I , and data not shown). Spry2 expression continued in Deiters' cells until P7, the latest stage assayed (data not shown). Thus, Spry2 is initially expressed in a broad domain in the oC prior to cytological differentiation of its constituent cell types, and by the end of oC maturation at P5-P7, it appears to be enriched in Deiters' cells.
We found that at least one other member of the Sprouty gene family, Spry1, was coexpressed with Spry2 during oC development. At E14.5, Spry1 RNA was detected in a thin stripe of cells, w2 cells wide, in the presumptive oC region, and in a small region of the cochlear epithelium outside of the oC (Figure 5B ). At E16.5, after cell differentiation had commenced, and as 5D, 5F , and 5I).
In situ hybridization analysis of the genes at the developmental stages indicated in wild-type cochlea sectioned to visualize the oC. (see Figure 7B) . The consequent disruption of oC cytoThe ABR hearing tests conducted on these animals prior to examination of oC cytoarchitecture showed architecture might be the cause of the observed hearing deficit.
Spry2 Genetically Antagonizes FGF8 Signaling
that, as expected, Spry2 +/+ ;Fgf8 +/− P21 controls had normal hearing (average ABR threshold = 11 dB SPL). One prediction of this hypothesis is that reducing the amount of FGF8 should prevent both the excess pillar Spry2 −/− ;Fgf8 +/+ littermates had the expected severe hearing loss, 55 dB higher than the Spry2 +/+ ;Fgf8 +/− cell phenotype (see Figure 7B ) and the hearing impairment observed in Spry2 null mutants. To test this precontrols (average ABR threshold = 66 dB SPL). However, Spry2 −/− ;Fgf8 +/− littermates showed partial rescue diction, we produced Spry2 null mutants in which Fgf8 gene dosage was reduced, tested their hearing, and of hearing function with average ABR thresholds 31 dB higher than the Spry2 +/+ ;Fgf8 +/− controls (average ABR then examined the oC (Figures 6A-6E Figures 6C-6E) , function (see Figure S1B) . However, the differences in mean ABR threshold values measured in Spry2 −/− ; representing an w50% reduction in the incidence of an aberrant third pillar cell. In Spry2 +/+ ;Fgf8 +/− littermate Fgf8 +/+ versus Spry2 −/− ;Fgf8 +/− mice were statistically significant by two independent tests (p = 0.001, Stucontrols, we never observed a third pillar cell ( Figure  6A ; see Table S2 largest displacement, the stereocilia of the OHCs deflect in the excitatory direction. This results in con-
